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DISK DRIVE WITH METHOD AND APPARATUS FOR THE TEMPERATURE 
5 COMPENSATION OF WRITE CURRENT AND WRITE CURRENT BOOST 

CROSS REFERENCE TO RELATED APPLICATIONS 
This application claims pP riority is claim e d from U.S. PateR^Application Serial 
10 No. 60/257,133 filed December 20, 2000, entitled "TEMPERATURE COMPENSATION 
FOR WRITE CURRENT AND WRITE CURRENT BOOST", the disclosure of which is 
incorporated herein by reference in its entirety. 

FIELD OF THE INVENTION 
15 The present invention relates to adjusting the write current and writ e curr e nt boost 

in a hard disk drive in response to changes in temperature. 

In particular, th e pres e nt inv e ntion relat e s to pr e v e nting pol e tip protrusion and 
writ e induc e d instabiliti e s as a r e sult of elevat e d t e mp e ratur e s in combination with 
exc e ssive amounts of write curr e nt and writ e curr e nt boost. 
20 BACKGROUND OF THE INVENTION 

D Hard d isk drives ar e used to store large amounts of digital data. -T ypically, t he 
data is stored on magnetic storag e disks in concentric tracks. The datartracks are usually 
divided into servo sectors that store servo information and data sectors that store user 
data. A read/write head reads data from and writes data Information is writt e n to aftd 
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-the a-disk by a transducer h e ad . The transduc e r head may-includes a read 
element and head s e parate from a w rite element that may be separate elements h eadror 
th e r e ad and writ e h e ads may b e integrat e d into a single integrated element r e ad/writ e 
head. The transduc e r head is mounted on an actuator arm assembly that capable of 
5 movesing the transduc e r head radially over the disk. Accordingly, the mov e m e nt of th e 
actuator arm assembly allows the transduc e r head to access different data-tracks on the 
disk . The disk is rotated by a spindle motor at a-high speed, allowing the transduc e r head 
to access different data sectors within each track on the disk. 

Disk drives include Various p arameters that of th e performanco of a hard disk 
10 drive-are dependent , at least in part, on temperature. For example, the amount of write 
current supplied to the head r e quir e d to sufficiently magnetize the storag e disk such that 
data is reliably encoded on the disk increases as the temperature of th e disk driv e 
decreases. The need for an-increased write current at reduced temperatures is-the-results 
from several of various factors. For instance, the disk coercivity of th e magn e tic storag e 
1 5 disk, and thus the magnetic field strength of the fi e ld required to e ncod e a patt e rn of 
magnetizeatien en-the disk T increases as the temperature of th e magnetic m e dia of th e 
storag e disk decreases. In addition, the flying height of the transducer h ead over the 
surface of th e magn e tic disk increases as the temperature decreases since a ad-the air 
density of th e air inside the disk drive increases , and . A high e r flying h e ight g e nerally 
20 r e quir e s a larger write current is required to magnetize the disk due to the increased 
distance between the transduc e r h ead and the surfac e of th e magn e tic disk. 

At e l e vat e d t e mperatur e s, th e amount of writ e current r e quir e d to e ncod e data on 
the magnetic storag e disk d e cr e as e s. In part, this is b e caus e th e co e rcivity of th e 



2 



magn e tic storag e m e dia decr e as e s as t e mp e ratur e incr e as e s. Therefor e , a l e ssor magn e tic 
field str e ngth, and thus a lower writo curr e nt, is r e quir e d to e ncode data on th o magn e tic 
disk. In addition, th e flying height of the transducer head at e l e vat e d temperatur e s is 
gen e rally lower, b e caus e tho air is loss dens e , placing th e transducer head in clos e r 
5 proximity to th e magnetic m e dia. 

Disk drives In ord e r to provid e a writo current that is op e rative in most situations, 
th e d e sign e rs of hard disk driv e s h ave attempted to use e feeese-a satisfactory write current 
amount that is satisfactory over a vari e ty of anticipated operating temperatures, —have 
been provided with Oth e r methods for avoiding probl e ms du e to inappropriat e writ e 

10 curr e nt amounts includ e screened ing transduc e r heads to eliminate heads that thos e with 
a poor writ e r (La writ e h e ads r equireiag large write amounts of current}, and have 
operated under restricted ing th e op e rating temperature ranges of th e disk driv e. 
However, as the-data storage densities and data transfer rates of hard disk driv e s have 
increased, th e ability of hard disk drives te-toleranceste for variations in written data 

1 5 haves decreased. _ It is known in th e art to vary th e amount of writ e curr e nt or writ e 

curr e nt boo s t bas e d on th e zon e on th e disk in which th e writ e is to occur. How e v e r, such 
variation is adapt e d to th e different data fr e quenci e s us e d in differ e nt zones. Therefore, 
in ord e r to ensur e that data is writt e n consist e ntly, a need has emerged to vary the amount 
ef-write current used to encod e data in response to temperature changes in temperatur e. 

20 Disk drives have Att e mpts hav e b ee n mad e to va ried the v -write current amounts 

with temperature to maintain a desired track width since , b e caus e changes in disk t he 
coercivity and/or flying height of th e transduc e r h e ad r esults in data tracks having 
varying track w idths. However, this in conv e ntional disk driv e s th e amplitude of writ e 
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curr e nt boost has not be e n adjust e d in response to temperatur e . In addition, conventional 
disk driv e s hav e neglectse d to consider other probl e ms h ead instability and head 
deformation that may result from write current amounts that isare inappropriate for a 
given temperature. 

5 As an e xample, d e formation of th e transducer head may occur du e to a 

combination of e l e vated ambi e nt t e mp e ratur e s and high writ e curr e nts and write curr e nt 
boosts. Such deformations may includ e pole tip protrusion, in which th e transduc e r h e ad 
protrud e s from the surfac e of th e slid e r. In such a condition, th e transducer h e ad is mor e 
lik e ly to com e into contact with th e storag e m e dia, both b e caus e of th e protruding 

10 transduc e r head and becaus e th e flying height of th e transduc e r h e ad is lower at el e vat e d 
temp e ratur e s, wh e n polo tip protrusion is more lik e ly to occur. Contact between th e 
transducer h e ad and the storag e m e dia can damag e th e storage m e dia and th e transduc e r 
head. In addition, such contact can r e sult in positioning e rrors and incr e as e s in th e data 
e rror rat e of the hard disk driv e . However, e xisting syst e ms hav e gen e rally not 

15 consid e red pol e tip protrusion in det e rmining appropriat e amounts of writ e curr e nt. 

As a further exampl e . H ead instability arises from t oo high a writ e current and/or 
tee-high arwrite curren t and elevated temperature, thereby causing boost for th e 
t e mp e ratur e of th e transducer head can cause instabiliti e s in the transducer h e ad. Such 
instabiliti e s can lead to a temporary or even-arpermanent inability of the transduc e r h ead 

20 to reliably and accurately read and/or write dat a from the disk. In particular, the read 

element suffers from . In particular, an exc e ssive writ e current and/or writ e curr e nt boost 
can caus e w rite induced instabilit i e s in th e r e ad h e ad due to pinning of ef-the-magnetic 
domains and becomes in the r e ad h e ad, causing the r e ad h e ad to b e insensitive to to the 



4 



magnetic fields on the dis k ossociatod with encoded data . Furth e r, as aroal densities hav e 
incr e as e d, transducer heads hav e becom e narrow e r, increasing their s e nsitivity to write 
induced instabiliti e s. 

Head deformation also arises from high write current and elevated temperature. 
5 In particular, the write element suffers from pole tip protrusion and is more likely to 
contact with the disk. Head-disk contact can damage the head and the disk, misposition 
the head and cause data errors. 

SUMMARY OF THE INVENTION 
T in accordanc e with th e present inventio n provides ^ -temperature compensation 
for write current in a disk drive and writ e current boost is provid e d . The write current not 
only provides an acceptable bit error rate for data written to and read from the disk, but 
also In particular, the present invention provid e s t e mperature comp e nsation for writ e 
current and write current boost in ord e r to prev e nt d e formation of th e transduc e r h e ad and 
te-prevents write inducedd instabilit y in the hea d i e s, th e r e by h e lping to e nsur e that data 
can be r e liably stored and r e tri e v e d . Furthermore, the write current prevents excessive 
pole tip protrusion. As a result, the write current ensures that data is reliably stored and 
retrieved at a given temperature. 

In an embodiment, a method of compensating the write current for a temperature 
20 of the disk drive includes measuring an ambient temperature of the disk drive, providing 
a first write current with acceptable bit error rate at the ambient temperature by adjusting 
an initial write current, and then providing a second write current with acceptable 
stability of the head at the ambient temperature by adjusting the first write current. 
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The method can include measuring the ambient temperature bv measuring an 
internal temperature of the disk drive using a temperature sensor in the disk drive and 
performing a calculation using the internal temperature. 

The method can also include providing the first write current bv writing a test 
5 sequence to the disk using the head, reading the test sequence from the disk using the 
head, measuring a bit error rate of the read test sequence, comparing the measured bit 
error rate to a threshold, and changing the write current in response to the comparison. 

The method can also include providing the second write current bv reading servo 
information from the disk using the head, and changing the write current in response to 
10 an error in the read servo information. 

The method can also include providing a third write current with acceptable pole 
tip protrusion of the head at the ambient temperature bv adjusting the second write 
current. The third write current can be provided bv reading servo information from the 
disk using the head, generating a position error signal in response to the read servo 
15 information, comparing the position error signal to a threshold, and changing the write 
current in response to the comparison. 

In accordanc e with an e mbodim e nt of the pr e s e nt invention, a writ e curr e nt and a 
writ e curr e nt boost that provide th e d e sir e d write charact e ristics ar e d e t e rmin e d for a hard 
disk driv e at a first temperatur e . In g e n e ral, th e writ e curr e nt and writ e current boost 
20 s hould b e chos e n to r e liably e ncod e data on a magn e tic disk, without causing d e formation 
of th e transducer head, and without causing writ e induced instabiliti e s. Deformation may 
occur wh e n a transduc e r head is ov e rheated du e to large writ e curr e nt and/or writ e curr e nt 
boost amounts at high ambi e nt t e mp e ratur e s. Writ e induced instabilities occur when 
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magn e tic domains in th e transduc e r h e ad ar e pinn e d by high writ e curr e nt and/or writ e 
curr e nt boost amounts, causing th e read e l e ment to become ins e nsitiv e to data. In 
g e n e ral, th e writ e current and write current boost must b e sufficiently strong to encod e 
data to th e magn e tic storag e disk such that th e data can lator bo r e liably r e trieved. 
5 Deformation of th e transduc e r head and writ e induced instabilities may b e d e t e ct e d by 
monitoring a position e rror signal and/or a m e an squar e e rror associat e d with th e 
transduc e r h e ad. A sudd e n chang e in th e position e rror signal indicat e s that th e 
transduc e r h e ad has d e form e d, and in particular that th e pol e tip has protruded, du e to 
h e aiting from e xc e ssiv e writ e curr e nt and/or write curr e nt boost, and/or that th e transduc e r 

10 head is e xp e ri e ncing writ e induced instabiliti e s. Similarly, a sudden chang e in th e m e an 
squar e e rror of data writt e n with th e transduc e r h e ad indicat e s a d e formation of that 
transduc e r h e ad du e to h e ating from e xc e ssive writ e curr e nt and/or writ e curr e nt boost. 
Instabiliti e s can be d e t e ct e d by d e t e rmining wh e th e r an e rror is indicat e d whil e 
att e mpting to r e ad s e rvo s e ctor addr e ss data. 

15 In accordanc e with an embodim e nt of th e pr e s e nt invention, a disk driv e storag e 

d e vice having a t e mperatur e s e nsor is provided. Th e t e mperatur e s e nsor may b e a 
discr e t e compon e nt located within or on th e disk driv e , or may b e provid e d as an 
additional function of som e oth e r compon e nt locat e d within or on th e disk driv e . For 
e xample, th e t e mp e rature sensor may be provided as part of the r e ad/writ e channel or th e 

20 preamplifier of th e disk drive. Using the t e mp e ratur e sensor, the ambi e nt temperatur e of 
th e disk driv e is d e termined. Th e amount of write current and write current boost for a 
particular zon e of th e storag e disk addr e ss e d by th e particular transduc e r h e ad p e rforming 
a writ e op e ration is obtain e d from a tabl e of writ e curr e nts and writ e curr e nt boosts 



7 



maintain e d in m e mory. Th e amount of writ e curr e nt and writ e curr e nt boost actually 
provid e d to th e transduc e r h e ad is then d e t e rmin e d according to th e observ e d ambi e nt 
t e mperature of th e disk drive. Th e t e mperature compensation of curr e nt amounts ensur e s 
that pol e tip protrusion does not occur, e ven at el e vated ambi e nt t e mp e ratures, th e r e by 
5 avoiding contact b e tw ee n th e transduc e r h e ad and th e storag e disk. Th e t e mp e ratur e 
comp e nsation of curr e nt amounts may also e nsur e that writ e induc e d instabilities do not 
occur in th e r e ad head. In addition, th e writ e curr e nt and write curr e nt boost amounts 
may b e modifi e d to e nsur e that a suffici e nt writ e curr e nt and writ e curr e nt boost ar e 
availabl e at r e duc e d ambi e nt t e mp e ratur e s. According to still anoth e r e mbodim e nt of th e 

10 pr e s e nt inv e ntion, a table of writ e curr e nts and write curr e nt boosts may b e maintained to 
provid e an appropriat e curr e nt to a transducer h e ad for a giv e n t e mp e ratur e range. 
According to an embodim e nt of th e pr e sent inv e ntion, write curr e nt and writ e current 
boost may b e optimiz e d for e ach transducer h e ad included in a disk drive. 

Additional advantages of the present invention will become readily apparent from 

15 the following discussion, particularly when taken together with the accompanying 
drawings. 



BRIEF DESCRIPTION OF THE DRAWINGS 
Fig. 1 is a diagrammatic r e pres e ntation of a top view of a conventional comput e r 
20 disk drivej with the cover removed; 

Fig. 2 is a perspective view dia j grammatic r e pres e ntation of a transducer that 
includes an air bearing slider and incorporating a transducer h ead; 
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Fig. 3 depi6ts a cross section of thea transduc e r h ead that includesh aving 
int e grated read and write elementsheads; 

Fig. 4 is a plan view of the transduc e r head of Fig. 3 ; 

Fig. 5A shows the d e picts th e r e lationship b e tw e en a transducer head -flving over 
5 and-the surface of a magn e tic disk ^daring-normal temperature op e ration : 

Fig. 5B shows the depicts th e r e lationship b e tw e en a t ransducer head -flving over 
and-the surface of a magn e tic disk at elevated temperatures in accordance with the prior 
art; 

Fig. 5C shows depicts t he r e lationship betw ee n a transducer head -flving over a nd 
1 0 the surfac e of a magnetic disk at elevated temperatures in accordance with an 
e mbodim e nt of the present invention; 

Fig. 6 is a flow chart of depicting th e determi ning the ation of a w rite current 
based on and a write curr e nt boost in vi e w of the obs e rv e d b it error rate in accordance 
with an e mbodim e nt of the present invention; 
15 Fig. 7 is a flow chart of d e picting th e determi ning the ation of a write current 

based on servo information and and a writ e curr e nt boost in view of various typ e s of 
position errors in accordance with an e mbodiment of the present invention; and 

Fig. 8 is a flow chart of determining and updating the write current depicting th e 
operation of a disk drive in accordance with an e mbodim e nt of t he present invention. 

20 

DETAILED DESCRIPTION 
Fig. 1 illustrates a typical disk drive , with th e top cov e r r e mov e d. Th e disk driv e , 
generally identifi e d by r e f e r e nc e numb e r 100 that? includes a base 104 and amagnetic 
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disk for disks) 108 (only one of which is shown in Fig, 1) . The magn e tic disks 108 isare 
interconnected to the base 104 by a spindle motor (not shown) mounted on or beneath 
athe hub 112 T such that the disks 108 eaa-be-rotatesd relative to the base 104. An actuator 
arm assemblyies 116 (only on e of which is shown in Fig. 1) ar e int e ri s,connected to the 
5 base 104 by a bearing 120 and suspends . Th e actuator arm assemblies 116 include a 
transducer h e ads 124 (only on e of which is illustrat e d in Fig. 1) at a first en d, to addr e ss 
each of th e surfac e s of th e magn e tic disks 10 8. A voice coil motor n actuator 128^-sueh 
as a voic e coil motor, pivots the actuator arm assemblyies 116 about the bearing 120 to 
radially position the transducer h e ads 124 with respect to the magn e tic disks 108. The 

10 voice coil motor actuator 128 is operated by a controller 132 that is in-toH-operatively 
connected to a host computer (not shown). By changing the radial position of the 
transducer h e ads 124 with respect to the magn e tic disks 108, the transducer 124 h eads 
can access different data4racks or cylinders 136 on the magn e tic disks 108. A read/write 
channel 140 processes data sisals-written to or read from the disks 108, and a 

15 preamplifier 144 provides write current signals to the transducer heads-124. T in addition, 
the disk drive 100 may include a temperature sensor 148 7 located within a cavity 152 that 
encloses the disk 108 and the actuator arm assembly 11 6 or on th e disk driv e 100 . 

With r e f e renc e now to Fig. 2 7 illustrates the a rtransducer head-124 in more detail. 
The transducer 124 includes incorporating an integrated read/write head 204 and an air 

20 bearing e^slider 208 is illustrat e d . The head 204 reads data from and writes data to the 
disk 108. The slider In g e n e ral, th e air bearing 208 supports the transducer h e ad 124 on a 
layer of air created by fee-spinning ef-the disk 108 wh e n the disk driv e 100 is in 
op e ration . 
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With reference now to Fig, 3 ? illustrates the an int e grated road/write head 204 is 
sfeewn-in cross sectio n, and Fig. 4 illustrates the head 204 in a plan view . The road/writ e 
head 204 g e n e rally includes an inductive write h e ad or element 304 that writes to the disk 
108 and a magnetoresistive read h e ad or element 308 that reads from the disk 108 , 
5 Th e writ e head 30 4 may b e what is known as an inductiv e head. The write 

element h ead-304 g e n e rally includes a yoke 310 of magnetically conductive material 
formed from a write pole 312 and a shared shield 316. A coil 318 of electrically 
conductive wire is wrapped about a portion of the yoke 31 0^ and is the e nds of that coil 
31 8 are connected to a current source (not shown). During a write operation, a write 

1 0 current is passed through introduc e d to the coil 318 to _in a first dir e ction. Th e e l e ctrical 
curr e nt through the coil 31 8 p roduces a magnetic field within the yoke 310. At a write 
gap 320 fermed-between an end of the write pole 312 and an end of the shared shield 
316, the magnetic field spreads out because the magnetic permeability of the write g ap 
320 is less than that of the yoke 310-kself. The write g ap 320 is position e d so that it is in 

15 close proximity to the magn e tic disk 108, allowing som e of the magnetic field to pass 
through th e disk 108 and magnetize a portion of the disk 108 in a particular direction. 
AIn a typical disk driv e 100 for use in a digital comput e r, a " 1 " is encoded on the disk 
108 b y reversing the direction of the write current, and a in which th e disk 108 is 
magnetiz e d from on e portion of th e track 136 to th e n e xt. This is don e by r e v e rsing th e 

20 direction of th e curr e nt in th e coil 31 8 . A "0" is encodindieated on the disk 108 by the 
absence of a change in magnetic polarity. Of course, these conventions caneuld be 
reversed. 
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The write current supplied to the conductive wire forming the coil 318 is 
generally in th e form a square wave. The write current boost of the write current is 
generally a write current component having a relatively high amplitude and short 
duration, and is timed to coincide with the leading edge of the square wave. The write 
5 current boost is of particular importance with data written at high frequencies, as the 
duration of the square pulse of the write current is short, and thus the write current boost 
makes up a large proportion of the write current. In addition, it is important to control the 
magnitude of the write current boost, as its relatively high amplitude can significantly 
heat, and thus expand, the head 304. 

1 0 -The write amount of c urrent and write current boost are varied p rovided during a 

write operations is, according to th e pr e sent inv e ntion, varied depending on the ambient 
temperature of the disk drive 100. In particular, because the write current supplied to the 
coil 318 heats the write pole 312 and the shared shield 316, those elements and the 
surrounding material of the transducer head-124 expand during write operations. When 

15 the expansion is large, it is know as pole tip protrusion. Pole tip protrusion increases the 
likelihood that the write pole 312, the shared shield 316 and other areas of the transducer 
head-124 will come into contact with th e surfac e of t he disk 108 , causing errors . In 
addition, when the ambient temperature of the disk drive 100 is high, the write pole 312 
and the shared shield 316, together with the other portions of the r e ad/writ e head 204 are 

20 in-closer proximity to the surfac e of th e disk 108 because the flying height of the 

transducer head-124 its e lf is lower _. Th e low e r flying h e ight of th e transducer h e ad 12 4 is 
due to the a-decreased air in-the-density of th e air inside the disk drive 10 0 at el e vat e d 
t e mp e ratur e s . 
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Tho write current boost appli e d to the coil 318 during writo operations also has 
tho offoot of heating tho write polo 312 and tho shared shiold 316 and potentially causing 
pole tip protrusion. Consequently, according to th e pres e nt inv e ntion, both th e writ e 
curr e nt and th e writ e current boost may b e adjust e d according to temp e ratur e . Th e writ e 
5 current boost is g e n e rally appli e d as a curr e nt compon e nt having a r e latively high 

amplitud e and short duration, and is tim e d to coincide with th e leading e dge of the square 
wave comprising th e writ e curr e nt its e lf Tho writ e curr e nt boost is of particular 
importanc e in connection with data writt e n at high fr e qu e nci e s, as th e duration of th e 
squar e puls e of th e writ e curr e nt is short, and thus th e writ e curr e nt boost makes up a 

10 larger proportion of the write signal. In addition, it is important to control th e magnitud e 
of th e writ e curr e nt boost, as its r e lativ e ly high amplitud e can significantly h e at, and thus 
e xpand, th e r e ad/writ e h e ad 30 4 . 

The read element h ead-308 op e rat e s by s e nsing the magnetic flux transitions 
e ncoded in th e disk 10 8 by th e writ e operation. On e m e thod of s e nsing such transitions is 

15 with a magnetoresistiv e h e ad. Such a h e ad is comprised of mat e rial that chang e s its 

e lectrical r e sistanc e wh e n it is expos e d to a magn e tic fi e ld. Magn e tor e sistiv e h e ads hav e 
come into wid e us e in disk driv e syst e ms b e caus e th e y ar e capabl e of providing a high 
output signal. A high signal output is important, b e caus e th e magn e tic fi e lds produced in 
th e disks 10 8 by th e writ e op e ration ar e v e ry small. In addition, th e high signal output of 

20 th e magn e toresistiv e h e ad allows the data on th e disk to b e d e ns e ly pack e d, in turn 
allowing th e disk driv e 100 to hav e a high storage capacity. 

Magn e tor e sistiv e heads gen e rally includes the shared shield 316, a strip of 
magnetoresistive strip m aterial 324 h e ld between two magnetic shields. In th e integrated 
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read/writ e h e ad 20 4 illustrat e d in Fig, 3, th e magnetic shields are formed from the shar e d 
shi e ld 316 and a read shield 328. The Each end of the strip of magnetoresistive strip 
material 324 is connected to a conductor (not shown). The conductors ar e in turn 
connected to a current source (not shown). Because the electrical resistance of the 
magnetoresistive strip m at e rial 324 varies with the strength and direction of an applied 
magnetic field, the magnetic flux transitions on the disk 108 r e sult in changes4n the 
voltage drop across the magnetoresistive strip 324. These voltage drop changes in th e 



The read element head-308 is sensitive to changes in the magnetic domains of 
associated compon e nts, such as the shared shield 316? which ean-occur during write 
operations. Such changes can momentarily? or even-permanently? render the read 
element b ead-308 ineffectual. In particular, the magnetic domains can be pinned in a 
particular direction, causing the read element h ead-308 to become insensitiv e to the 
magnetic flux transitions on the disk 108 . Furthermore, the magnetic domains are even 
easier to pin at elevated temperature. As a result, the read element 308 is susceptible to 
write induced instability caused by the write current, especially at elevated temperature. 

Preferably, Th e refor e , it is important that the write current and writ e curr e nt boost 
suppli e d to th e coil 31 8 during writ e op e rations is not larger h igher-than necessary to 
adequately write data to the disk 108 , especially at elevated temperature since the read 
element 308 . In addition, it is particularly important to limit the amount of the writ e 
curr e nt and write curr e nt boost suppli e d to the coil 31 8 wh e n th e ambi e nt t e mp e rature of 
th e disk driv e 100 is el e vat e d. This is b e cause the r e ad h e ad 30 8 is particularly 




■are then-converted by the channel 140 into aKiigital data si^al-for use by 



the disk driv e controller 132 and in turn the host computer. 
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vulnerable to write induced instabilit v insonsitivitv paus e d by high writ e curr e nts and 
writ e curr e nt boosts wh e n th e ambi e nt temp e ratur e of th e disk drive 100 is e l e vat e d. 
T. his is b e li e v e d to be duo to th e r e lativ e eas e at which th e magn e tic domains within th e 
shared shi e ld 316 and other compon e nts of th e r e adAvrit e h e ad 20 4 can b e alt e r e d at 
5 e l e vated t e mperatur e s. 

With r e f e renc e now to Fig. 4 , a typical r e ad/writ e h e ad 20 4 is shown in plan vi e w. 
As describ e d abov e , th e writ e h e ad 30 4 g e n e rally includ e s a writ e pol e 312 and a shar e d 
shield or pole 316, with a write gap 320 th e r e b e tw ee n. Th e r e ad head 30 8 g e n e rally 
includ e s th e shared shi e ld 316, a magn e tor e sistiv e e l e m e nt 32 4 , and a r e ad shi e ld 32 8 . 

10 Such heads ar e typically manufactur e d using thin film lay e ring t e chniqu e s. 

With r e f e renc e now to Fig. 5A T shows the a -transducer h e ad 124 flying over i s 
shown in partial cross s e ction, op e rativ e ly position e d ov e r the surfac e of a magn e tic disk 
108 at normal temperature of the disk drive 100 . T in particular, Fig. 5A shows th e flying 
h e ight h j.-ef-the slider 208 flies over th e surfac e of the magn e tic disk 108 at a flying 

1 5 height hu and Also illustrat e d in Fig. 5A is th e distanc e d o . betw ee n the tip of the write 
pole 312 is spaced from and th e surfac e of the magn e tic disk 108 by a pole tip distance 
dj_ . The flying height has accurately controlled to maintain In g e n e ral it is important to 
accurat e ly maintain the pole tip distance d e sir e d fly height di over th e surfac e of th e 
disk 10 8 so that data isean-be-reliably written to and retrieved from the magn e tic disk 

20 108 by the r e ad/writ e head 204. This in turn r e quir e s that th e distanc e h j. b e accurat e ly 
controll e d. 

With r e f e r e nc e now to Fig. 5B ? shows the transducer 124 flying over the disk 108 
at elevated temperature of the disk drive 100 in accordance with the prior art. The slider 
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208 flies over the disk 108 at a flying height h? and the tip of the write pole 312 is spaced 
from the disk 108 by a pole tip distance d?. T offects of e l e vat e d temp e ratures on th e 
flying h e ight h^ and th e contour of a conv e ntional read/writ e head 20 4 is illustrat e d. In 
particular, it will bo not e d that t he flying height li2 is less than d e cr e as e d as compar e d to 
5 the flying height hi -, and the pole tip distance d? is less than the pole tip distance du { see 
Fig. 5A). T his is b e cause th e ambi e nt t e mp e rature insid e th e disk driv e 100 in Fig. SB is 
higher than in Fig. 5A, and at elevated temperatures decreases the air density in the disk 
drive lOO of air decr e as e s , thereby decreasing the pressure applied to the slider 208 and in 
turn decreasing the flying height h? 7 and the pole tip distance d?-. Furthermore, the high 

10 write current and the elevated temperature cause t in addition. Fig. SB illustrat e s a 
condition in wfrich th e transduc e r h e ad 12 4 is e xp e ri e ncing pol e tip protrusion. In 
particular, it will b e not e d that various of th e e l e m e nts of t he r e ad/writ e head 204 and at 
ieast-the immediately adjacent area of the slider 208 to have-expanded beyond the normal 
contour of the slider 208, represented by the dotted line 504b T, thereby creating pole tip 

15 protrusion and in turn further decreasing the pole tip distance d?-. This condition is know 
as pol e tip protrusion, and is typically caus e d by a combination of e l e vat e d ambi e nt 
t e mperatur e s within th e disk driv e 100, and e l e vat e d temp e ratur e s within th e r e ad/writ e 
h e ad 20 4 its e lf du e to high writ e curr e nts and/or writ e curr e nt boosts. Th e combination 
of a d e cr e as e d fly h e ight h^ and pol e tip protrusion results in a distanc e d^ betw ee n th e 

20 surfac e s of th e r e ad/writ e h e ad 20 4 , such as th e tip of th e writ e pol e 312, and th e surfac e 
of a magn e tic disk 10 8 that is relatively small Accordingly, th e r e ad/writ e h e ad 20 4 is 
mor e lik e ly to contact th e surfac e of th e disk 10 8 , causing positioning e rrors, and 
potentially damaging the surfac e of the disk 10 8 . In addition, contact b e tw e en th e 
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road/writo h e ad 20 4 and the surfac e of th e disk 10 8 can dislodg e particles, pot e ntially 
causing damag e to oth e r portions of th e disk 10 8 , or to other components within th e disk 
drive 100. 

With ref e r e nc e now to Fig. 5C shows the transducer 124 flying over the disk 108 
5 at elevated temperature of the disk drive 100 in accordance with the present invention. 
The slider 208 flies over the disk 108 at a flying height hi and the tip of the write pole 
312 is spaced from the disk 108 by a pole tip distance dj. The flying height is equal to 
the flying height h?, however the pole tip distance d^ is larger than the pole tip distance 
d?.i The elevated temperature decreases the air density in the disk drive 100, thereby 
10 decreasing the pressure applied to the slider 208 and in turn decreasing the flying height 
and the pole tip distance d^ as is conventional. However, the write current is reduced 
to compensate for the elevated temperature so that the head 204 and the slider 208 remain 
within the normal contour of the slider 208, represented by the dotted line 504c, thereby 
avoiding pole tip protrusion and in turn avoiding further decreasing the pole tip distance 
d ^the r e lationship betw ee n a transducer head 12 4 and th e surfac e of a magnetic disk 108 
at th e sam e e levat e d t e mp e ratur e as th e e xample in Fig. 5B, in accordanc e with an 
e mbodim e nt of the pr e s e nt inv e ntion is illustrat e d. Of particular not e is th e fly height h^ 
of th e slid e r 20 8 above th e surfac e of th e disk 108. Sp e cifically, th e fly height h^ is e qual 
to the fly height shown in the prior art transducer h e ad 12 4 illustrat e d in Fig. 5B. 
Howev e r, it will be not e d that th e surfaces of th e r e ad/writ e h e ad 20 4 , such as th e tip of 
the writ e pol e 312 in the embodim e nt illustrated in Fig. 5C, do e s not e xt e nd b e yond th e 
plan e defining the low e r e xt e nt of the slid e r 20 8 , shown by dott e d lin e 50 4 c. This is 
b e caus e , according to th e pr e s e nt inv e ntion, th e amplitud e of th e writ e curr e nt and of th e 
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writ e curr e nt boost has be e n decreased to comp e nsate for th e elevated ambi e nt 
temp e ratur e of tho disk driv e 100 in th e exampl e of Fig. 5C. Th e refor e , at th e sam e 
elevated ambient temp e rature, th e distance d^ b e tween th e tip of th e writ e pol e 312 and 
th e surfac e of tho disk 10 8 in th e disk driv e 100 in accordanc e with tho present invention 
5 is great e r than th e distanc e cb in conn e ction with th e e xampl e of Fig. 5B illustrating a 
transducer h e ad assembly 12 4 in accordanc e with th e prior art. Accordingly, damag e 
and/or reduced disk drive 100 performance due to contact b e tw e en the writ e pol e 312 and 
the surfac e of th e disk 10 8 is l e ss lik e ly to occur in conn e ction with a disk driv e 100 in 
accordanc e with th e pr e sent invention. Moreover, the reduced write current 

10 compensates for the elevated temperature Also, becaus e th e pr e s e nt inv e ntion provid e s a 
r e duc e d writ e curr e nt and writ e curr e nt boost at e levat e d ambi e nt t e mp e ratur e s, 
instabiliti e s in the r e ad h e ad 30 8 ar e loss likely to occur in a disk driv e 100 in accordance 
with th e pr e s e nt inv e ntion than in the prior art devic e . Furth e rmor e , as d e scrib e d b e low, 
th e amount of writ e curr e nt and writ e curr e nt boost ar e also controll e d in accordanc e with 

1 5 th e pr e sent inv e ntion to reduce or eliminate write induced instabilities in the read 
element head 3088. 

The In det e rmining an appropriate write current is determined by considering a nd 
writ e curr e nt boost, several factors must b e consider e d . T in particular, th e write current 
and writ e curr e nt boost should be large s trong-enough to produce a magnetic field that 
20 capabl e of p rovides,duefflg-the desired magnetization of the magn e tic disk 1087-fe 
particular, th e magnetization of the magnetic disk 10 8 should b e sufficiently strong to 
ensure lat e r allow for th e r eliable retrieval of data encoded on the disk 108. However, the 
write current and writ e curr e nt boosts should not be large enough to produce a so gr e at 
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that-the-magnetic field produced tha Lat tho gap 320 of tho write head 301 overwriterides 
data in tracks adjacent to the target track. Furthermore, the write current should not be 
large enough to cause write induced instability or excessive pole tip protrusion, fe 
g e n e ral, a nominal write current and writ e curr e nt boost is d e termined for e ach transduc e r 
5 head 12 4 includ e d in a disk drive 100. Alt e rnativ e ly, a nominal write curr e nt or writ e 
current boost may b e d e termin e d for l e ss than all of th e transduc e r h e ads 12 4 in a disk 
driv e 100 during optimization of th e disk driv e 100. Th e optimization proc e ss may b e 
p e rformed prior to d e liv e ry of th e disk driv e 100 to the e nd user. Various combinations 
of writ e curr e nt and writ e current boost may b e us e d to writ e t e st sequ e nc e s of data, as 

10 will be e xplain e d in great e r d e tail b e low. Th e l e v e ls of write curr e nt and writ e curr e nt 
boost availabl e may b e pr e d e t e rmin e d. For exampl e , a digital to analog conv e rter or 
conv e rters includ e d as part of th e pr e amplifi e r 1 44 of th e disk driv e 100 may b e capabl e 
of providing a pr e d e termin e d numb e r of available output l e v e ls. 

In addition to d e t e rmining wh e th e r adjac e nt tracks ar e ov e rwritt e n by a s e l e ct e d 

15 writ e curr e nt and writ e curr e nt boost combination, according to th e pr e sent inv e ntion, 
additional asp e cts of th e quality of th e write proc e ss are considered. For e xampl e , th e 
occurrenc e of pole tip protrusion may b e d e t e ct e d by d e t e rmining wh e th e r s e rvo sector 
position bursts indicat e that th e tran s duc e r h e ad 12 4 has sudd e nly chang e d position 
r e lativ e to th e c e nt e r lin e of th e targ e t track 136. Furthermor e , wh e th e r instabiliti e s hav e 

20 b ee n creat e d in th e transduc e r h e ad 12 4 can b e ass e ssed by determining wh e ther s e rvo 
s e ctor addr e ss data can b e r e ad following th e writing of a t e st s e qu e nc e of data. 

Th e writ e curr e nt and write curr e nt boost det e rmin e d during th e optimization of 
an individual disk driv e 100 may b e stor e d in a table of writ e curr e nts and writ e boost 
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currents acc e ss e d by th e disk driv e 100 wh e n writ e op e rations in connection with a 
particular transduc e r h e ad 12 4 ar e p e rform e d. According to an e mbodiment of th e 
pr e s e nt invention, the nominal writ e curr e nt and writ e curr e nt boost for a transducer head 
12 4 is alt e red according to an algorithm when tho obs e rv e d ambi e nt temp e ratur e of the 
5 disk driv e 100 falls outsid e of a range of temp e ratur e s about th e t e mp e rature at which th e 
nominal writ e curr e nt and writ e boost current is det e rmined. The d e termination of 
appropriate algorithms for modifying th e writ e curr e nt and writ e boost curr e nt du e to 
chang e s in t e mp e rature will b e d e scrib e d in gr e at e r d e tail b e low. According to anoth e r 
e mbodim e nt of th e present inv e ntion, a writ e current and a writ e boost current for each of 

10 a plurality of t e mp e ratur e rang e s may b e stor e d in a tabl e for e ach transducer h e ad 12 4 . 

With r e f e r e nc e now to Fig, 67 is_a flow chart of illustrating th e determi ning the 
ation of an appropriat e write current and./e^-write current boost based on bit error rate at 
an ambient temperature a d e sir e d track width in accordance with an embodim e nt of t he 
present inventio n is d e pict e d . The flow chart determines a maximum write current and a 

15 maximum write current boost that can be supplied to the head 204 without overwriting 
adjacent tracks. However, the flow chart does not account for head instability or pole tip 
protrusion. 

-Initially, the at st e p 600, th e ambient temperature of the hard d isk drive 100 is 
measure d (step 600) . The ambient temperature can be measured by m easurem e nt may b e 
20 taken from a temperature sensor in the cavity 152. For instance, the temperature sensor 
can be p rovid e d as p art of another component in th e disk driv e 100, such as the controller 
132, t he r e ad/writ e channel 140^ or the preamplifier 144 or th e controller 132 , or aby-a 
t e mp e ratur e s e nsor separate component such as the temperature sensor or transducer 148 
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separat e ly provided as part of th e disk driv e 100 and locat e d within a cavity 152 (s ee Fig. 
1) e nclosing the disks 10 8 and actuator arm assembli e s 116 . Alternatively, As-an 
alt e rnativ e to sensing th e ambient t e mp e ratur e within th e cavity 152 of tho disk driv e 100 
dir e ctly, it should b e appr e ciated that the temperature sensor 148 can be located on an 
5 t e mperature m e asur e m e nt may be tak e n from a s e nsor (e.g., temp e ratur e s e nsor 1 48 ) 
locat e d outsid e of th e cavity e nclosing th e magnetic disks 108 and th e actuator arm 
assemblies 116. According to still anoth e r e mbodiment of th e pr e s e nt inv e ntion, th e 
t e mperatur e measur e m e nt may b e tak e n from a location on a surfac e of th e exterior 
surface of the disk drive 100. 

1 0 -The write current is set to a minimum level and the write current boost is set to a 

minimum level i may th e n b e set at a first l e v e l h e r e d e not e d l e v e l 0. The writ e curr e nt 
boost j may also b e set a first l e v e l, h e r e also d e not e d as l e v e l 0 (step 604). Tfa 
accordanc e with an e mbodiment of th e pr e sent invention, t he available n umb e r of write 
current and write current boost levels availabl e is dependent on the digital to analog 

1 5 converter (or converters} in cluded as part of the r e ad/writ e channel 140 or the 

preamplifier 144. For example, in accordanc e with an e mbodim e nt of th e pr e s e nt 
inv e ntion, 32 different write current levels ar e availabl e from th e pr e amplifi e r 1 44 , and 8 
different write current boost levels are available in the preamplifier 144, and thus t 
According to this e xampl e , 8 x 32 ~ 256 (8 x 32) different write current and write current 

20 boost combinations are available. 

The head 204 writes a At st e p 60 8 , a test sequence is written to at l e ast a portion of 
a center fi rst-track 136^ and to corr e sponding portions of each of th e two adjacent tracks 
136 using the selected write current and write current boost (step 608) . During the first 
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iteration, the selected write current and write current boost are the initial minimum levels 



The head 204 then reads the test sequence from the center track 136, and the quality of 
the data-written data t o the initial track is thea-assesse d by measuring . For oxampl e , the 
bit error rate of the read associat e d with th e test sequence writt e n to the first track 136 is 
5 d e termin e d (step 612). An excessive bit error rate will result if the write current and/or 
write current b oost current us e d to writ e th e data to th e two tracks adjac e nt to th e first 
track is too high since writing to the adjacent tracks 136 . This is because th e str e ngth of 
th e magn e tic fi e ld produc e d in th e r e ad h e ad 30 4 is too strong, and th e widths of th e 
adjac e nt tracks ar e th e r e for e too gr e at, causing th e s e qu e nc e of t e st data in th e first track 

1 0 to b e at least partially overwri tes the center track 136.t enr 

At st e p 616, Aa determination is made as to whether the measured bit error rate 
exceeds a specified threshold v ah* e(step 616) . If the measured bit error rate is within the 
threshold specifi e d l e v e ls , then a determination is made as to whether the write current 
boost curr e nt j is e qual to a maximum levelvafoe (step 620). If the write current boost 4 -is 

1 5 not e qual to the a-maximum levelvatee, then the write current remains at its present level 
and t he write current boost j is set e qual to j + 1 (i.e. th e writ e curr e nt boost is increased 
by one level) (step 624). If the write current boost H s e qual to the a-maximum 
levelvakie, then the write current i is s e t e qual to i + 1 (i.e. th e writ e curr e nt is increased 
by one level); and the write current boosti is set e qual t o the minimum level an initial 

20 valu e , h e r e 0 (step 628). After e ith e r step 624 or 628 is has b ee n p erformed, the process 
syst e m r eturns to step 608; and the head 204 writes the a ^ew-test sequence again i s 
writt e n tt o the center a rikst-track 136 and the two adjacent tracks 136 using the increased 
write current or write current boost during the next iteration . 
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If at step 616 it is determined that the measured bit error rate exceeds the 
threshold spooifications , then a determination is nex^made as to whether the write current 
boost curr e nt is the e qual to a minimum level value (hero, valu e 0) (step 632). If the 
write current boost is the e qual to a minimum levelvatee, then the write current i is s e t 
5 e qual to i 2 (i.e. th e write curr e nt is decreasf edueed by two levels); and the write current 
boost j-is set equal to the a maximum levelv aiue (step 636). If the write current boost j-is 
not e qual to thea minimum levelvak*e, then the write current remains is s e t equal to i (i.e. 
it is l e ft at its present levelvatee) and the write current boost j-is set equal to j — 2 (i.e. th e 
writ e current boost is decreas r e duce d by two levels) (step 640). After compl e tion of 
10 ekhef-step 636 or 64 0 is performed , the process system-returns to step 608; and the head 
204 writes the a 4est sequence is-again writt e n to the center a -fest-track 136 and the two 
adjacent tracks 136 using the decreased write current or write current boost during the 
next iteration . 

T it should b e noted that th e initial levels v ahtes-for the write current i-and the 
1 5 write current boost j-set-at step 604 need not be the minimum levelvafees. For example, 
the initial level vahtes canmay be s e t at som e intermediate levels . This is particularly tru e 
when th e t e mp e ratur e of the disk drive 100 during such t e sting is less than a d e sign 
maximum temperature. Furthermore, different it should be appr e ciat e d that th e 
adjustments to the levels can describ e d in conn e ction with Fig. 6 ar e e xamples only, and 
20 that chang e s by diff e rent amounts may appropriat e ly b e used. 

With ref e r e nc e now to Fig, 7 T is_a flow chart of determining the write current and 
write current boost at the ambient temperature based on servo information and position 
error in accordance with the present invention. The flow chart begins where the previous 
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flow chart left off That is, the maximum write current and write current boost that 



achieve the specified bit error rate are reduced to avoid head instability and pole tip 
protrusion. 

illustrating th e optimization of a hard disk driv e 100 based on th e avoidanc e of 
5 pol e tip protrusion and writ e induc e d instabilities is illustrat e d. Initially, the head 204 
writes a test sequence to a track 136 using the selected write current and write current 
boost (a t-step 700 ). -During the first iteration, the selected write current and write 
current boost are the maximum write current and write current boost that achieve the 
specified bit error rate, as determined in the previous flow chart, a s e cond test sequ e nc e 

10 is writt e n to a track 136 at th e writ e current i and writ e curr e nt boost j d e t e rmin e d during 
initial testing {e.g., d e termin e d using th e st e ps s e t forth in Fig, 6). T he test sequence 
is hould b e written to multiple data sectors in a relatively long segment -of the track 136? 
to produce heating-ef the transducer head 124^ such as though may occur during th e 
writing ef-large amounts of user data. 

15 -The head 204 then reads servo sector position data from the track 136 

immediately following writing the test sequence to the track 136, and r e for e , according to 
on e embodim e nt of th e pr e s e nt inv e ntion, a t e st s e quenc e is writt e n to multipl e data 
s e ctors. At step 70 4 , a determination is made as to whether there is an error in the 
r e ading r ead servo sector position data (step 704). A i s indicat e d, imm e diately following 

20 th e st e p of writing th e test s e qu e nc e . If a n error in the reading-the servo sector position 
data indicates the head 204 has information is e ncount e r e d, w rite induced instabilit y that 
i e s ar e indicated. This is b e caus e write induc e d instabiliti e s causes the read element h ead 
308 to become insensitive to the servo sector position dat a data stor e d on th e magn e tic 
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disk 10 8 .J Accordingly, i f write induced instability is ies-afe-present, then t he gray code 
that us e d to encodes the servo sector position data information in the servo sector 
e ncount e r e d following the data sector to which the test sequence iwas written^ will be 
unreadable. Accordingly, if an e rror r e ading th e s e rvo s e ctor position information i s 
5 e ncount e r e d, th e write current and/or writ e curr e nt boost should be decr e ased. 

If no error arises is indicat e d i n reading the servo sector position data, then a 
determination is made as to whether there is an abrupt change in the position error signal 
based on the read servo sector position data h as b ee n det e ct e d (step 708). AIn g e n e ral, a n 
abrupt change in the position error signal indicates that the transducer head-124 und e r t e st 

10 has e xp e ri e nc e d p ole tip protrusio n that causes an abrupt change in the position of the 
head 204 . Sp e cifically, becaus e pole tip protrusion involv e s a physical chang e in th e 
shap e of th e transducer h e ad 12 4 , th e position of th e h e ad with resp e ct to th e c e nter lin e 
of th e track 136 will chang e . Accordingly, th e position e rror signal d e riv e d from s e rvo 
s e ctor position bursts included in th e s e rvo s e ctor e ncount e r e d by th e transduc e r head 12 4 

15 following th e data sector to which th e t e st sequ e nc e was writt e n, will indicat e a sudd e n 
chang e of position. B e caus e pol e tip protrusion is typically th e r e sult of h e ating of th e 
transduc e r h e ad 12 4 by a writ e current or writ e boost curr e nt that is too high for the 
ambi e nt t e mp e rature of th e disk driv e 100, th e d e t e ction of pol e tip protrusion indicates a 
n ee d to r e duc e the amount of write curr e nt and/or write curr e nt boost. 

20 Following the detection of an error reading the servo sector position data at step 

704, or a sudden change in the position error signal at step 708, a determination is made 
as to whether the write current boost is the set at a minimum level valu e , in the pr e s e nt 
e xampl e lev e l 0 (step 712). If the write current boost is the a^a-minimum levelvaJue, 
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then t he write current i-is decreased by one level sot equal to i — 1^-and the write current 
boost is set equal t o the a-maximum levelvafee (step 716). If the write current boost is 
not the minimum level e qual to 0 , then t he write current remains i 4s4efl-at its present 
level value (i.e., i is sot e qual to i) and the write current boost is decreased by one levelj 4s 
5 set e qual to j — t (step 720). After step 716 or step 720 is performed, ff he processs vstem 
then-returns to step 700 and the head 204 writes the test sequence again to the track 136 
using the decreased write current or write current boost during the next iterationt e 
d e t e rmin e whether th e chang e s hav e be e n sufficient to avoid th e indicat e d probl e m . 

If no error in reading the servo sector position data and no abrupt change in the 

10 position error signal is detected, then the valu e s for th e write current and fee-write current 
boost ttsed-during the preceding t e st s e qu e nc e (i.e. during th e previous iteration of step 
700) are validated^ and stored in a table as may b e us e d as the n ominal write current and 
write current boost for the measured temperature v alues stor e d in th e tabl e of writ e 
curr e nts and write current boosts (step 724). 

15 With ref e r e nc e now to Fig. 8 ? is a flow chart of determining and updating the 

write current in accordance with the present invention. The flow chart begins where the 
previous flow charts left off. That is, the previous flow charts st e ps follow e d to adjust th e 
write curr e nt and/or writ e curr e nt boosts appli e d during a write op e ration bas e d on th e 
obs e rved temp e ratur e of th e disk driv e 100 ar e s e t forth. It should b e not e d that whil e th e 

20 st e ps s e t forth in Figs. 6 and 7 are g e nerally p erformed during optimization of the disk 
drive 100 prior to delivery to the end user, whereas the following flow chart is th e st e ps 
illu s trat e d in Fig. 8 ar e p erformed during normal operation of the disk drive 100 after 
delivery to the end user . For instance, the following flow chart can st e ps s e t forth in Fig. 
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8 may b e performed every minute for the first 15 minutes after the disk drive 100 i has 
beea-powered up, and every five minutes thereafter. 

Initially, at st e p 8 00, the ambient temperature of the disk drive 100 is measured 
(step 800) . Next, the temperature adjusted write current and/or write current boost areis 
5 calculated and stored in a table (step 804). Thereafter, A t step 8 08, th e a write operation 
is performed using the calculated write current and write current boost retrieved from the 
table (step 808). 

. Although th e e xample illustrat e d in Fig. 8 assum e s that an algorithm is used to 
adjust th e write current and writ e current boost for a nominal t e mp e ratur e to th e obs e rv e d 
10 t e mp e ratur e , such is not n e c e ssarily th e cas e . For e xampl e , diff e r e nt writ e curr e nt and 
write curr e nt boosts can b e stor e d for a vari e ty of t e mp e ratur e rang e s. According to such 
an e mbodim e nt, st e p 804 involv e s reading a writ e curr e nt and writ e curr e nt boost from a 
taWer 

The Th e algorithm us e d to alter th e writ e curr e nt and writ e curr e nt boost bas e d on 

15 obs e rv e d temp e ratur e is, according to on e e mbodim e nt of th e pr e s e nt inv e ntion, 

det e rmin e d for e ach mod e l or family of hard disk drives 100. According to still anoth e r 

embodim e nt, a differ e nt algorithm for adjusting th e write curr e nt and writ e curr e nt boost 

may b e dev e lop e d for disk driv e s 100 within a family of drives using transduc e r h e ads 

12 4 suppli e d by e ach diff e r e nt v e ndor of transduc e r h e ads 12 4 that might bo used in that 

20 particular disk driv e 100. As a furth e r alt e rnativ e , in particular wh e r e a tabl e of writ e 

curr e nt and writ e curr e nt boost lev e ls containing e ntries for diff e r e nt t e mp e rature ranges 

is us e d, th e variations in curr e nt levels may bo d e velop e d for e ach individual disk driv e 
1 no 
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In general, the d e t e rmination of an appropriate algorithm for adjusting th e writ e 
current and writ e curr e nt boost involves t e sting a disk drive 100 can determine the write 
current and write current boost for in th e same manner as d e scrib e d above in conn e ction 
with Fig s . 6 and 7. Howev e r, inst e ad of p e rforming such t e sting at a single ambi e nt 
5 t e mp e ratur e , the t e sting is perform e d at a variety of ambient temperatures. _ In this way, a 
curv e d e scribing th e p e rformanc e of the disk driv e 100 at various t e mp e ratures and for 
various writ e curr e nts and writ e current boosts can b e d e v e lop e d e mpirically. Th e 
algorithm us e d to alter a write current or writ e curr e nt boost for an individual driv e 
should th e r e for e be an algorithm adapt e d to follow th e curv e d e v e lop e d for th e 
10 repr e sentative disk driv e 100. 

Furthermore, it should b e appreciat e d that different algorithms can m ay b e us e d 
calculate the write current and write current boost for different temperature ranges. For 
instance, a first algorithm can may b e us e d to adjust the write current and write current 
boost amounts at temperatures greater than a selected temperature , and a^ A second 
1 5 algorithm can m ay th e n b e used to adjust the amount of w rite current and write current 
boost at temperatures below the selected temperature. 

An a An exampl e of an a lgorithm for us e at h igh ambient temperatures isas 
follows: 

20 write current adjustment amount - 5 - - (measured ambient 

obs e rv e d temperature — 27)/5t 

An algorithm for low ambient temperatures is as follows: 
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The r e sulting value is tho numb e r of digital to analog conv e rter l e v e ls by which th e write 
curr e nt amount is adjusted. An e xampl e of an algorithm used to adjust writ e curr e nt 
l e v e ls b e low a select e d t e mperatur e is: 

write current adjustment amount - -^measured ambient 

5 temperature — 55)/l It 

The resulting write current adjustment is the number of digital to analog converter 
levels by which the write current is adjusted. A gain, th e resulting valu e is th e numb e r of 
lev e ls by which th e nominal writ e curr e nt amount is adjust e d. Similar algorithms canmay 

10 be used for adjusting the in connection with w rite current boost4evels. The algorithm or 
algorithms can m ay-be implemented in firmware or microcode running on the controller 
132 , and the tables that store the write current and write current boost at various 
temperatures can be held in . M e mory for storing tabl e s may be separat e ly provided or 
includ e d as part of som e oth e r compon e nt, such as the controller 132. 

15 The algorithms can be customized for each model or family of disk drives 100, 

for disk drives 100 within a family of disk drives 100 that use transducers 124 supplied 
by a different vendors, or for each individual disk drive 100. 

The write current and write current boost can be calculated for each zone on the 
disk 108, for each head 204 in the disk drive 100, and for multiple ambient temperatures 

20 both above and below the normal operating temperatures of the disk drive 100. Likewise, 
the write current and write current boost can be adjusted during normal operation of the 
disk drive 100 if the measured ambient temperature falls outside a temperature range for 
the nominal write current and write current boost. 
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Pole tip protrusion can be detected by a sudden change in the position error 
signal or alternatively, a sudden change in the mean square error of data that is written 
and read by the head 204. 

The foregoing discussion of the invention has been presented for purposes of 
5 illustration and description. Further, the description is not intended to limit the invention 
to the form disclosed herein. Consequently, variations and modifications commensurate 
with the above teachings, within the skill and knowledge of the relevant art, are within 
the scope of the present invention. The embodiments d e scrib e d herein abov e are further 
intended to explain the best mode presently known of practicing the invention and to 
10 enable others skilled in the art to utilize the invention in such or in other embodiments 
and with various modifications required by their particular application or use of the 
invention. It is intended that the appended claims b e constru e d to include the-alternative 
embodiments to the extent permitted by the prior art. 
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ABSTRACT 

A disk drive provides temperature compensation for write current. The write 
current not only provides an acceptable bit error rate for data written to and read from the 
disk, but also prevents write induced instability in the head. Furthermore, the write 
5 current prevents excessive pole tip protrusion. As a result, the write current ensures that 
data is reliably stored and retrieved at a given temperature. having writ e curr e nt and writ e 
current boost amounts that can b e alt e r e d in respons e to chang e s in temperatur e is 
provid e d. According to an e mbodim e nt of the pres e nt inv e ntion, the amount of write 
curr e nt and/or writ e curr e nt boost appli e d in a disk driv e is incr e as e d as th e t e mp e ratur e 

10 of th e disk driv e d e creases, and is d e cr e as e d as th e t e mp e ratur e of th e disk driv e 

incr e as e s. The amount by which th e writ e curr e nt and/or writ e curr e nt boost is varied 
from a nominal amount is controll e d to e nsur e that data is r e liably encoded on th e 
magn e tic storag e di s k, whil e avoiding th e ov e rriding of data in adjacent tracks. In 
addition, th e pres e nt invention controls th e amount by which th e writ e curr e nt and/or 

15 writ e curr e nt boost is vari e d to avoid pol e tip protrusion and th e cr e ation of writ e induc e d 
instabiliti e s within the transducer h e ad. Accordingly, th e pr e s e nt inv e ntion provid e s a 
disk driv e that avoids t e mporary or p e rman e nt data e rrors caus e d by overheating th e 
transduc e r h e ad. 
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